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TECHNICAL NOTE NO. 1456

PERFORMANCE TESTS OF WIRE STRATN GAGES
VI - EFFECT OF TEMPERATURE ON CALIBRATION
FACTOR AND GAGE RESISTANCE

By William R, Campbell
SUMMARY

Results of tests to determine the wvarlation In calibration factor
and gage resistance wilth temperature are presented for 15 ty'pes of single-
element, multlstrand wire strain gage.

The maximum difference between the callbration factors for gages of
a glven type at temperatures between -"{3 and 93° C and the factor at
room temperature did not exceed 4 percent for 13 of 15 types of gage
tested. The calibration factor decreased or remained constant with
Increasing temperature for all but two types of gage, which showed an
Increase.

Measurements of unit change iIn gage resistance for temperatures
between -73 and 93° C on gages attached to unstressed steel and aluminum-
alloy bars indicated & scatter in gage og tout AR/'R for 10 gages of a
glven type which dld not exceed 10 X 107" per degree centigrade. This
" was observed for 12 of the 1l types of gage for which measurements were
made. Gages having calibration factors near 2.0 connected in adjecent
arms of a Wheatstone bridge could therefore be expected to show a.n6
apparent strain wilth changing temperature of not more than 5 X 107- per
degree centlgrade resulting from lack of perfect temperature compensation
between test and dummy gages.

INTRODUCTION

The present report describes one of a serles of performence tests
on wire straln gages of types currently used in large numbers to measure
stresses in alrcraft structures. The purpose of the tests 1s to make
available information on the properties, the accuracy, and the limitations
of various multistraend, single-elsment gages.

The performance test program has been dlvided into several phases
the results of which are belng reported individually. The first five
phases of the program have been reported in references 1 to 5. The
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present paper reports on the sixth and final phase, the effect of tem-
perature on callbration factor and gage resistance.

This investigation, conducted at the Natlonal Bureau of Standards,
was sponsored by and conducted with the financial asgistance of the
National Advisory Committee for Aeronautics.

The author deslres to acknowledge the cooperatlion of the NACA Ames
Aeronautical Leboratory, the Baldwin Locomotlve Works, the Boelng Alrcraft
Company, the Chrysler Corporation, the Consolidated Vultee Alrcraft
Corporation, the Douglas Alrcraft Company, the Lockheed Alrcraft Corporatlon,
North American Aviaetion Incorporated, end Northrop Alrcraft Incorporated,
in submitting gages. The author is Indebted to Mr. A. F. Medbery and
Mrs. June 0. Montgomery of the Englneering Mechanlics section of the
National Bureau of Standards for assistance on the test program.

SYMBOLS
E Young's modulus of elasticity, pounds per squars inch
X calibration factor of wire straln gage, ohms per ohm per inch
per inch
AP change in load P
AR/P unlt change in gage resistance R
t temperature, °%c
At change in temperature, °C
a thermal coefficient of linear expansion/°C
8 thermal coefficlent of Young's modulus/C
Az change 1in gtrain

DESCRIPTION OF STRATN GAGES

Six alrcraft companies, the NACA Ames Aeronautical Laboratory, the
Baldwin Locomotive Works, and the Chrysler Corporation contributed gages
of 15 different types (A, ...,G,H-1, T...,0). These gages are ldentical
with the gage types described 1in table 1 and figures 1 and 2 of reference 1,
with the exception of gage type H-1 which was substlituted by the maker for
gage type H. Datae on gage type H-1 are given in appendlx I of reference 2.
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TESTS

Teagts were made on two gages of each type to determine the wvarl-
ation in calibration factor with temperature for temperatures between
-73° ¢ (-100° F) and 93° C (200° F).

Measurements of unit change in gage reslistance AR/R with tem-
perature were made for gages of each type attached to unstressed bars

of 24S-T aluminum alloy (a = 21.3 X 10'6/°C) and cold-rolled steel

(e = 11.3 X 10'6/°C) « Ten gages of a given type were tested on each
of the two materials at temperatures between -T73° and 93° C to provide
date on several gages of the same type and to show the influence of
the coefficlent of thermal expansion a  of the "structure” on gage
output.

APPARATUS AND PROCEDURE

+The calibration factor K, of a wlre strain gage is glven by the

following equation in which the unlt change in gage resistance AR/'R
and the corresponding change in strain Ac¢ are experimentally determined:

A known change in strain was produced as follows. A relatively long and
flexible calibration bar was so arranged that the bar could be axlally
loaded with dead welghts, and the gages were attached to the center section
of the bar which could be subjected to variable temperaturs. A strain
change Aet was then obtained by loading and unloading the bar with a

constant load P. The ratioc of the calibration factor Kt at a temper-
ature t to that at room temperature (30° C) is then given by

K, (8B/R), (a¢),,

By~ T30 @)s @

The change In strain Ae; must be corgected for the Iincrease in
cross-sectional area by a factor (1 + a At)* because of the thermal
expansgion of the material for a change in temperaturs ‘At =t - 30,
and 1t must be corrected for the change in Young's modulus with tempera-
ture by a factor (1 + B At). With these corrections equation (2)
becomes
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(&R /R)
%ﬂﬁ%’h (1+aat)® (14 pat) (3)
30

Equation (3) was used to compute the change in calibration factor

with temperature for all gages. An average value of o = 2.2 X 10'5 per
degree centligrade was assumed for the calibration bar of 24S-T aluminum

alloy. The maximum value of the term (1 + o At)2 in equation (3) differed
less than 0.5 percent from unity; hence & precise determination of «

was not considered necessary. The thermal coefficient of Young's modu-
lus of elmsticity B for the temperature range -50° to 50° C of an

alloy almost identical in composition with 24S aluminum alloy is glven

by Keulegan and Houseman (reference 6, p. 305, table 3, Duralumin) as

B = -58.3 X 1072 per degree centlgrade. A rough value of B was deter-
mined from measurements of & natural frequency at temperatures between
-73° and 93° C of a 24S-T aluminum alloy cantilever beem. This gave

B = -62.4 X 10-> per degree centigrade. Keulegan's value of

B = -58.3 X 10~2 per degree centigrade, which was determined with
congiderable care, was therefore regarded as adequate for substitution

in equation (3). The maximum value of the term (1 + B At) in

equation (3) differed less than 6 percent from unity. A more exact deter-
mination of B was therefore deemed ummecessary.

The test setup is shown in figure 1. The callbration bar upon
which gages were attached was a L-foot strip A of 243-T aluminum
alloy having 0.50- by 0.025-1nch cross section. A similar strip B
was used for mounting temperature-compenseting geges. Both strips were
mounted 1inslde a temperature cabinet C so that the central portions
of the gtrips, where gages were attached, were in the temperature-
controlled reglon of the cabinet and the ends of the strips projected
through openings In the top and the bottom of the cabinet. The
temperature-compensating strip was clamped at the upper end and was
free at the lower end. The ends of the loaded strip were held in
Templin grips, the upper grip D being famtened to a crane hook and
the lower grip attached to a tray for holding dead weights E. he
dead-weight load of 150 pounds, corresponding to A€ = 11.3 X 10~*, could
be applied and removed by lowering and reising e platform F. The weight
of the tray and of the lower grip was sufficient to hold the calibration
strip in alinement at the initial load. It was found that six to eight
gages could be calibrated during one temperature cycle. One gage of each
type was attached to the loaded strip and ome to the compensating strip.
Test and compensating gages of the same type were located in similar
positions on the two strips for optimum temperature compensation. ILeads
were brought out of the cabinet for each gage and the test and compen-
sating gages of a given type were comnected to an SR-U4 portadble strain
indicator G (reference 7). The balance reading on the indicator was
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recorded with and without the dead-welght load on the test strip. The
dlfference between the two balence readings was multiplied by the gage

factor setting on the indicator (for convenience set at 2.00 for all

gages) to obtain (AR/R) for the gage. o

Tests were started by setting the cablinet thermostat at 93° C in the
evening and the cabinet heaters were kept on all night, since it requlred
about 6 hours to reach 93° C from room temperature. This procedure
allowed the gages about 15 hours additional drylng time after drying
2 days at room temperature. The output of each gage due to the change
in load AP wase then determined at 93° C after the strip had been over-
loaded several times with an additional 10 pounds to reduce zero shift
and improve linearity. Individual loading cycles, regqulring about
1 minute, were made for each gage. Simllar tests were repeated st
other temperatures down to -73° C. The ratio of the calibration factor
at a temperature t +to the calibration factor at room temperature was
computed for each gage by substituting the measured unit changes In gage
resistance (AR/R)t, at the different temperatures, in equation (3).

Following thils temperature cycle, the tests were repeated with new gages.
Two gages of each type were callbrated. :

The measurements of callbration-factor ratios were followed by measure-
ments of AR/R with gages attached to unstressed specimens subjected to
changling temperature. The measurements were made on 20 gages of each
type. Ten gages were attached to en 18— by l— by 0.125—inch bar of 2L4S-T
aluminum alloy, and ten were attached to & similar bar of cold-rolled
steel. These bars were then suspended in the temperature cabinet A
(fig. 2) in which the temperature was varied from -730 to 93° C. Leads
were brought out from each gage for comnection to an SR-4 portable
strain indicator B used to measure AR/R. A resistance decade box C,
gset at the nominal gage resistance, was connected to the SR-4 indicator
in place of the usual compensating gage. During the temperature cycle
the decade was not changed and the unlt change 1n gage resistance AR/R
was taken as the product of the change in the lndicator dial reading and
the gage factor setting on the indicator, which for convenience was set
at 2.00. This procedure was modified in the case of gage N Dbecausse of
the extreme sensitivity of this gage to temperature. The SR-4 indicator
for gages of type N was set at midscale and the bridge was balanced by
changing the decade reslstance in O.l-ohm steps. Then AR/R was computed
directly from the change in the original decade reading.

RESULTS AND DISCUSSION

Values of Kt/K o &re plotted against temperature in figures 3 to 4.
The scatter in gage gu‘bput AR/R DPer degree centlgrade for 10 gages of a
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gilven type attached to the steel and alumlinum-alloy bars is glven in
table 1.

Curves of gage output AR/R against temperature are given in
figures T to 20. for all gages except those of type G, which were not
avallable. Three curves, corresponding to the maximum, minimum, and
average gage output for 10 gages of a glven type, are plotted for each
of the two materials upon which the gages were attached.

Inspection of figures 3 to 6 shows that within the scatter of
measurement the calibration factor for gages of types A, C, D, F, H-1,
I, K, and N did not vary more than 2 percent from the room-temperature
value for temperatures between -73° and 93° C. It should be noted that
the measured changee 1n calibratlion factor include any creep in the
bonding cement which may have occurred during the loading cycle. Since
creep 1s a function of time, it is possible that changes in calibration
factor of a d1fferent magnitude may result with loading cycles of dif-
ferent duratlon.

Gages of types B and E showed & decrease in calibration factor
with increesing temperature of about 1 percent for each 30° C change
in temperature. The calibration factors differed from the room-
temperature values by no more than 4 percent, however, for the tem-
perature range coneidered. Gages B and E were of different manu-
facture but both were attached wlth the same cement (General Service).
This fact suggests that the measured varlatlions in calibratlon factor
may have been caused by a varlatlon in elastic properties with tempera-
ture of the cement common to these two types of gage.

Gages of types J and O showed an increase in calibration factor
with temperature of about 1 percent for each 30° C rise in temperature.
These gages dlffered only in reslstance. They were of ldentical con-
struction and were both attached with the same cement (cellulold ethyl
acetate); hence they may be expected to show similar characteristics.
Since 1t 1s unllkely that the efficiency with which celluloss cements
transfer straln te straln-sensitive wire improves with increasing tem-
perature, 1t 1s probable that the lncrease in callbration factor 1s due
to sources other than the cement. There was no obvious cause to which
the phenomsnon could be ascribed.

Cages of type M.showed a decrease in calibration factor of about
1 percent for sach 40° C rise in temperature. This gage 1s of the
"wrap-around" construction and was attached with Duco cement. Although
Duco cement retalned lts strength in the case of gages of types A, C,
D, ¥, -1, I, K, and N which were attached with this cement, it is
belleved that the greater shear loads on ths cement lmposed by the
greater wire densilty 1ln the wrap-around winding increases the creep
rete over that of other gages.
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Gages of type G showed somewhat erratic performance in these tests
Just as in previous tests {referernces 1 to 5). Some of the values for
Kt/K3O (fig. 4} scattered by as much as *6 percent. The scatter was

too great to Indicate any consistent variation of callbration factor with
temperature.

The largest change iIn calibration factor was found for gages of
type .. For these gages the calibration factor was down more then 5 per-
cent at 93° C as compared with 30° C , and 1t was up more than 3 percent
at -73° C.

Examination of table 1 shows that the acatter in gage output AR/R
for 10 gages of a glven type attached to the bar of cold-rolled stesl

ranged from 1.2 X 10‘6 per degree centigrade for gages D to 1L4.9 X 10"6
per degree centlgrade for gages K. The corresponding scatter for 10 gages

attached to the aluminum-elloy bar ed from 1.1 X 10'6 per degree
centigrade for gages F to 34k.6 X 1070 per degree centigrade for gages K.

The curves in figures T to 20 shcw that the chanse in goge resist-
ance with temperature is nonlinser for most gages.

The difference 1in A'Rﬁ with changing temperature between gages
attached to the steel and to the aluminum-zlloy bars may he ascribed to
the difference in therma} expansion coefflcients of the two bars. This
was checked by subtracting from the measured average output given in the
Pigures, the quantity RKa At (At =1t + 73°} which corregponds to the
thermal expansion of the calibration bar. The resulting two curves are
shown dotted in the figures. They should, theoretically, coincide gince
both correspond to the output of the gage when attached to a material
with a thermal expansion coefficlent o« = 0. Examination of the dotted
curves In figures 7 to 20 shows that they do colncide within the scatter
of the experimentel data.

A further check was cobtalned for gages D and F (figs. 10 and 12,
respectively} by direct msasurement of éR/R with gages of these types
attached to fused quaertz as shown in figure 21. The coefficient of

expansion of fused quartz, o = 0.k X 10‘6 Per degree centigrade,is sco
close to zero that the curve of output agalinat temperature should approach
that given by the dotted curves for o« = 0. Inspection of figures 10 and
12 shows that thls actually was the case.

The dotted curves may be utilized for estimating the ocutput when
the gage 1Is attached to any material with known expansion coefficient a.
Tha sutput iIs glven by adding Ka At to the ordinate of the dotted curve.
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Incidentally, the fact that the dotted curves are in close agreement
may be regarded as a check on the previous result that the callbration
factor X 18 nearly lndependent of temperature.

CONCLUSIONS

Calibrations of gages at temperatures between -73° and 93° C showed
that the calibratlion factors of more than half of the 15 types of gage
tested were relatively insemsitive to changes 1n temperature. The
calibration factor for all but two types of gage differed from the factor
at room temperature by no more than 4 percent for temperatures between
-73° and 93° C.

Meagurements of unlit change in gage resistance with temperature
for gages attached to unstressed bars showed that the scatter In output

AR/R between gages of the same type did not exceed 10 X 10"6 per degree
centigrade for 12 of the 1l types of gage. Gages having calibration
factors near 2.0 connected in adjacent arms of a Wheatstone bridge could
therefore be expected to show an apparent straln wilth changing temper-

ature which did not exceed about 5 X 10"6 per degree centlgrade because
of lack of perfect compensation between test and dummy gages.

National Bureau of Stendards
Washington, D. C., September 4, 1946
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TABLE 1. SCATTER IN GAGE lOUTPUT AR/R PER DEGREE CHANGE IN
TEMPERATURE FOR 10 GAGES ATTACHED TO UNSTRESSED STEEL
AND DURALUMIN SPECIMENS
Cold-rolled mteel 24S-T alwninvm alloy
Gage A_R/oc Gage é_R_/oC
type R type R
(1) (1)
D 1.2 x 106 F 1.1 x 10-6
F 1.h A 1.2
H-1 1.6 H-1 1.6
J 1.7 M 1.9
I 2.0 I 2.3
E 2.4 L 3.3
L 2.8 J 3.9
M 2.8 c 543
A 3.7 D 5.5
B k.3 E 6.0
0 6.5 0 8.0
N 9.2 B 9.2
c 11.7 i 9.8
i K 1k.9 K 34.6
1

Average values for change in temperature from -73° to 93° C.

NATIONAT. ADVISORY
COMMITTEE FOR AERONAUTICS
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Test setup.

Figure 1.-
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Figure 18.- Varletion of gage oufput AR/R with tamperaturs for
gage M.
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Figure 21.- Gages attached to fused quartz.
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